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Description
BACKGROUND OF THE INVENTION
Field of the Invention

[0001] This invention relates to a solid electrolyte cell
having a solid electrolyte.

Description of Related Art

[0002] In keeping up with the recent tendency to re-
duction in size and weight and popularity of portable
type versions of an electronic equipment, such as a
camera builtin Video T ape Recorder or a mobile infor-
mation terminal, further size reduction with a higher en-
ergy density is demanded of a secondary cell as a power
supply source for these electronic equipment.

[0003] The secondary cells for general use may be
enumerated by an aqueous solution type lead accumu-
lators or nickel-cadmium cells, and non-aqueous elec-
trolyte solution cells. However, since these secondary
cells use aliquid as an electrolyte, there is a risk of leak-
age of the internal solution which possibly affects ambi-
ent electronic parts. With this in mind, a solid electrolyte,
that is an electronic solution in a solidified form, has
been proposed.

[0004] In particular, a gelated solid electrolyte, ob-
tained on impregnating a matrix polymer with a non-
aqueous solvent, referred to below as a gel electrolyte,
is now being researched briskly because its electrolytic
solution phase represents a main path for the ion con-
duction and hence high-level ion conductivity corre-
sponding to that of the electrolytic solution is felt to be
promising

[0005] The non-aqueous electrolyte solution second-
ary cell, employing the gel electrolyte, is constructed as
follows: A positive electrode active material, comprising
e.g., LiCoO, and graphite, is layered on a positive elec-
trode current collector comprised of a thin aluminum
sheet, to form a positive electrode. On the other hand,
a negative electrode active material comprising e.g.,
carbon, coke or graphite, is formed on a positive elec-
trode current collector comprised of a thin copper sheet,
to form a negative electrode. A separator formed as a
fine porous film of e.g., polypropylene or polyethylene
is sandwiched between the negative and positive elec-
trodes, while a gel electrolyte is charged into a space
between the negative and positive electrodes and the
separator to complete a element cell as a sandwiched
structure. This element cell is hermetically sealed and
accommodated in the interior of a sealing material com-
prised of a thin metal film, such as an aluminum foil, and
plastic films, such as nylon, polyethylene, polypropylene
and polyethylene terephthalate.

[0006] The non-aqueous solvent, used in the above-
described non-aqueous electrolyte solution secondary
cells, may be enumerated by, for example, carbonates
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or esters, such as ethylene carbonate, propylene car-
bonate, diethyl carbonate, &-butyrolactone. These sol-
vents are known to undergo deterioration in cell charac-
teristics on repeated charging/discharging with the
charging voltage exceeding 4V or on prolonged storage
in charged state, as disclosed in Japanese Laying-Open
Patent Publication Nos. H-4-332479 and H-337247.
This deterioration in characteristics is appreciably as-
cribable to oxidative decomposition of the non-aqueous
solvent under elevated voltage. Thus, for improving the
performance of the high-capacity non-aqueous electro-
lyte solution cell of the order of 4V, it is imperative to
improve characteristics of the non-aqueous solvent.
Moreover, in a solid electrolyte cell employing the solid
electrolyte as the electrolyte, measures for preventing
oxidative decomposition of solid electrolyte components
are felt to be desirable.

[0007] For preventing deterioration of cell character-
istics due to oxidative decomposition of solid electrolyte
components as described above, there has been pro-
posed a cell containing a toluene component, as dis-
closed in e.g., the Japanese Laying-Open Patent Pub-
lication H-4-249870. There has also been proposed a
method for adding a compoind coordinated in stability
with respect to lithium ons, in order to prevent decom-
position of the non-aqueous solvent on the surface of
the negative electrode of carbon, as disclosed in the
Japanese Laying-Open Patent Publication H-9-35746.
[0008] However, the above-described methods are
insuffcient as means for preventing the cell performance
from being deteriorated due to oxidative decomposition
of solid electrolyte components, such that the cell per-
formance is deteriorated with repetition of the charging/
discharging cycles,

SUMMARY OF THE INVENTION

[0009] Itistherefore an object of the present invention
to provide a solid electrolyte cell in which oxidative de-
composition of solid electrolyte components may be
suppressed to maintain superior cell performance.

[0010] According to the present invention, there is
provided a solid electrolyte cell including a positive elec-
trode having a positive electrode current collector and
a positive electrode active material, a negative electrode
having a negative electrode current collector and a neg-
ative electrode active material, and a solid electrolyte
comprised of an electrolyte salt dispersed in a matrix
polymer. The solid electrolyte is arranged between the
positive electrode and the negative electrode, and a di-
ene compound is contained in at least one of the positive
electrode, negative electrode and the solid electrolyte.
[0011] According to the present invention, as de-
scribed above, a diene compound is contained in at
least one of the positive electrode, negative electrode
and the solid electrolyte to capture active oxygen to pre-
vent oxidative decomposition of the electrolyte compo-
nents. So, it is possible to suppress deterioration of the
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cell performance ascribable to oxidation of the electro-
lyte components to maintain superior cell performance.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Fig.1 is a plan view showing an illustrative
structure of a solid electrolyte cell according to the
present invention.

[0013] Fig.2is across-sectional view of the solid elec-
trolyte cell taken along line A-B of Fig.1.

[0014] Fig.3 is a schematic perspective view showing
essential portions of am exterior film.

[0015] Fig.4 is a perspective view showing a positive
electrode carrying a first solid electrolyte layer.

[0016] Fig.5is a perspective view showing a negative
electrode carrying a second solid electrolyte layer.
[0017] Fig.6 is a cross-sectional view showing anoth-
er illustrative structure of an element cell.

[0018] Fig.7 is a cross-sectional view showing anoth-
er illustrative structure of an element cell.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0019] Referring to the drawings, preferred embodi-
ments of a solid electrolyte cell according to the present
invention will be explained in detail.

[0020] Fig.1 shows an illustrative structure of a solid
electrolyte cell embodying the present invention. The
solid electrolyte cell 1 includes an element cell 2, an ex-
terior film 3 for sealing the element cell 2 therein by being
sealed with sealants S1 to S3, positive electrode lead 4
having one end led out from the exterior film 3, a nega-
tive electrode lead 5 having one end led out from the
exterior film 3, and a resin film 6 sheathing the negative
electrode lead 5 and the positive electrode lead 4 at the
sealant S1 of the exterior film 3 for improving the her-
metic sealing performance of the exterior film 3.
[0021] The element cell 2 is constructed by layering
a negative electrode 9, having a negative electrode cur-
rent collector 7 and a layer of a negative electrode active
material 8, and a positive electrode 12, having a positive
electrode current collector 10 and a layer of a positive
electrode active material 11, as shown in Fig.2. The pos-
itive electrode lead 4 and the negative electrode lead 5
are connected to the positive electrode 12 and to the
negative electrode 9, respectively.

[0022] In the solid electrolyte cell, according to the
present invention, diene compounds, having the func-
tion of capturing active hydrogen, are contained in at
least one of the positive electrode active material 11,
negative electrode active material 8 and the solid elec-
trolyte layer 13.

[0023] If the solid electrolyte cell 1 is in the charged
state, such that active hydrogen is yielded from the pos-
itive electrode 12, active oxygen is captured by the diene
compound, thus suppressing the oxidative decomposi-
tion of the electrolyte components by the active oxygen.
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Thus, by having the diene compound in at least one of
the layer of a positive electrode active material 11 and
the solid electrolyte layer 13, it becomes possibe to pre-
vent the cell performance from being deteriorated due
to oxidative decomposition of the electrolyte compo-
nents.

[0024] If, in particular, 1, 4-cyclohexadiene is used as
the diene compound, the meritorious effect of suppress-
ing the deterioration of the cell performance due to oxi-
dative decomposition of the electrolyte components is
achieved. As these diene compounds, use may be
made of 1, 1, 4, 4-tetraphenyl-1, 3-butadiene, 1, 4-hex-
adiene, 1, 4-cyclohexadiene, 1, 5-cyclooctadiene, 1,
5-hexadiene, 1, (9-anthracenyl)-4-phenyl-1, 3-butadi-
ene, 2, 4-hexadiene, 2, 5-dimethyl-2, 4-hexadiene,
6-acetoxy dicyclopentadiene or diepentene, may be
used.

[0025] The content of the aforementioned diene com-
pound, which may differ with the site in the cell inside in
which the compound is contained. If the compound is
contained in the solid electrolyte layer 13, it is contained
per 1 g of the positive electrode active material forming
the positive electrode 12 preferably in a range of 0.0001
mol to 0.0005 mol and more preferably in an amount of
0.0003 mol to 0.0005 mol. If the content of the diene
compound per 1 g of the positive electrode active ma-
terial exceeds 0.0005 mol, there is a risk that the diene
compounds undergo a polymerization reaction or that a
gas is by-produced. On the other hand, if the content of
the diene compound per 1 g of the positive electrode
active material is less than 0.0005 mol, it may be an oc-
currence that sufficient effect in suppressing oxidative
deterioration of the electrolyte component cannot be
achieved. If the content of the diene compound per 1 g
of the positive electrode active material ranges between
0.0001 mol and 0.0005 mol, the content of the diene
compound, calculated in terms of the quantity of the
non-aqueous electrolytic solution used in a routine lith-
ium ion secondary cell, ranges between approximately
1 to approximately 5 vol%.

[0026] In light of the reaction mechanism, the afore-
mentioned diene compound is preferably contained in
the solid electrolyte layer 13. In particular, for an oper-
ation of the utmost efficiency, the diene compound may
be contained in a site proximate to the positive electrode
12 where active oxygen is most likely to be produced.
Specifically, if the solid electrolyte layer 13 is made up
of a first solid electrolyte layer 13a formed on the side
positive electrode and a second solid electrolyte layer
13b formed on the side negative electrode, preferably
75% or more and more preferably 80% or more to 95%
or less of the total content of the diene compound is con-
tained in the first solid electrolyte layer 13a, as shown
in Fig.2. If the proper amount of the diene compound is
captured in the first solid electrolyte layer 13a, active
oxygen produced from the positive electrode 12 is
promptly captured by the diene compound to suppress
the oxidative decomposition of the electrolyte compo-
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nent efficiently. If conversely the content of the diene
compound in the first solid electrolyte layer 13a is less
than 75% of the total content of the compound, the pos-
itive electrode 12 where active oxygen is yielded is
spaced significantly from the site where the majority of
the diene compound is located, such that the yielded
active oxygen cannot be captured reliably.

[0027] The thickness of the first solid electrolyte layer
13a is preferably not more than 10 um. If the thickness
of the first solid electrolyte layer 13a is not more than 10
um, the major portion of the diene compound can be
located in the vicinity of the positive electrode 12. On
the other hand, if the thickness of the first solid electro-
lyte layer 13a exceeds 10 m, the diene compound in the
first solid electrolyte layer 13a is diluted in concentra-
tion, even if the aforementioned optimum amount of the
diene compound is contained in the first solid electrolyte
layer 13a. The result is that the effect of capturing the
yielded active oxygen is possibly weakened to deterio-
rate the cell performance.

[0028] The positive electrode 12 has a layer of a pos-
itive electrode active material 11, containing a positive
electrode active material, formed on the positive elec-
trode current collector 10. This positive electrode cur-
rent collector 10 may, for example, be a metal foil, such
as an aluminum foil.

[0029] In constructing a lithium ion secondary cell, for
example, there is no particular limitation to the material
of the positive electrode active material, provided that it
is capable of occluding or emitting lithium ions or anions.
Itis however desirable that the material has an oxidation
potential with respect to lithium of not less than 2.5 V.
These materials may be a lithium-containing transition
metal oxide, such as lithium cobaltate, lithium nickelate
or lithium spinel manganate. This compound lithium ox-
ide may be used alone, or plural compound lithium ox-
ides may be used in combination. The positive electrode
active material used may be transition metal chalco-
gens, such as molybdenum sulfide or titanum sulfide,
hetero atom covalent based high molecular compound,
such as polyaniline or polypyrrole, or covalent high mo-
lecular compounds, such as polydiacetylene or
polyphenylene vinylene.

[0030] The negative electrode 9 includes a negative
electrode active material 8, containing a negative elec-
trode active material, deposited on the negative elec-
trode current collector 7. This negative electrode current
collector may, for example, be a metal foil, such as cop-
per foil.

[0031] Asthe negative electrode active material, such
a material that is able to dope or undope lithium may be
used. Such material that is able to dope or undope lith-
ium may be metal lithium, its alloys or carbon materials.
The carbon materials may be enumerated by natural
graphite, artificial graphite, pyrocarbons, cokes, carbon
blacks, such as acetylene black, vitreous carbon, acti-
vated carbon, carbon fibers, sintered organic high-mo-
lecular material, sintered coffee beans, sintered cellu-
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lose and sintered bamboo.

[0032] As the solid electrolyte layer 13, a high-molec-
ular solid electrolyte having adhesive properties and
properties as a diaphragm, or a gel electrolyte compris-
ing this high-molecular solid electrolyte and a plasticiz-
er, as an additive, may be used.

[0033] For example, the high-molecular solid electro-
lyte comprises an electrolyte salt dispersed in a matrix
polymer.

[0034] The electrolyte salt may be LiPFg LiClO4,
LICF3S05, LICF3S0;5, LiAsFg, LiBF,, LiIN(CF3SOs5),,
C4FgSOaLi, LIC(CF3S0,)5, LiF, or LiBr, used either
alone or as a mixture. Of these, LiPFg is preferably used
in view of its ion conductivity.

[0035] There is no particular limitation to the chemical
structure of the matrix polymer provided that the poly-
mer itself or a gel electrolyte employing the polymer ex-
hibits ion conductivity. The matrix polymer used may be
polyether compounds, such as polyethylene oxide or
polypropylene oxide, halogen-containing high molecu-
lar compounds, such as polytetrafluoroethylene, polyvi-
nylidene fluoride or polyvinylidene chloride, polymeth-
acrylic acid and various esters thereof, high molecular
compounds, mainly composed of polyacrylamide, poly-
carbonate, polysulfone or polyethersulfone, and deriva-
tives, copolymers and mixtures thereof. From the view-
point of chemical stability and ion conductivity, systems
mainly based on polyvinylidene fluoride may preferably
be employed.

[0036] The gel electrolyte contains an electrolyte salt,
a matrix polymer and a non-aqueous solvent as a plas-
ticizer.

[0037] Although there is no particular limitation to the
plasticizer, having the aforementioned sigh-molecular
solid electrolyte as the gel electrolyte, it is desirable to
use a non-aqueous solvent not liable to undergo a de-
composition reaction within the operating potential
range of the lithium secondary cell. For example, non-
aqueous solvents, such as ethylene carbonate, propyl-
ene. carbonate, a-butyrolactone, acetonitrile, diethyl-
ether, diethyl carbonate, dimethyl carbonate, 1,
2-dimethoxyethane, dimethyl sulfoxide, 1, 3-dioxolan,
methyl sulfonate, 2-methyltetrahydrofuran, tetrahydro-
furan, sulforan, 2, 4-difluoroanisole or vinylene carbon-
ate, may be used alone or as a mixture.

[0038] The exterior film 3 is made up of a heat fusion
layer 14, having its outer edge heat-sealed to encapsu-
late the element cell 2 in its inside, a metal layer 15 of,
for example, an aluminum foil, and an external layer 16,
formed e.g., of an insulating resin, such as nylon, as
shown in Fig.3. Since the exterior film 3 is formed by this
sort of the high-molecular multi-layered film, it is able to
impart high air tightness and superior mechanical
strength to the solid electrolyte cell 1.

[0039] Theresinfilm 6is arranged at a contact portion
of the exterior film 3 with the positive electrode lead 4
and the negative electrode lead 5. The provision of the
resin film 6 is effective to prevent shorting due to burrs
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formed on the exterior film 3 to improve contact behavior
at a contact area of the exterior film 3 with the positive
electrode lead 4 and the negative electrode lead 5.
[0040] There is no particular limitation to the type of
the material of the resin film 6 if it exhibits adhesion with
respect to the positive electrode lead 4 and the negative
electrode lead 5. However, it is preferred to use a ma-
terial composed of polyolefin resins, such as polyethyl-
ene, polypropylene, modified polyethylene, modified
polypropylene and copolymers thereof. The resin film 6
preferably has a thickness prior to heat fusion in a range
from 20 to 30 um. If the thickness of the resin film 6 is
less than 20 um, the resin film is inferior in tractability,
whereas, if the film thickness exceeds 300 um, the film
is permeable to water to render it difficult to maintain air
tightness in the cell.

[0041] The solid electrolyte cell 1 of the present em-
bodiment, described above, is prepared in the following
manner:

[0042] First, the positive electrode 12 is prepared. A
positive electrode mixture, containing a positive elec-
trode active material and a binder, is evenly coated on
a metal foil, such as an aluminum foil, acting as a posi-
tive electrode current collector 10, and is dried in situ to
form a layer of the positive electrode active material 11
to complete a positive electrode sheet. As the binder for
the positive electrode mixture, any suitable known bind-
er may be used. Moreover, any suitable known additive
may be added to the positive electrode mixture. The
positive electrode sheet then is sliced to a preset shape
and a positive electrode lead 4 of e.g., aluminum is weld-
ed to a portion of the sliced positive electrode sheet not
carrying the layer of the positive electrode active mate-
rial 11 to complete the positive electrode 12.

[0043] Next, the negative electrode 9 is prepared. A
negative electrode mixture, containing a negative elec-
trode active material and a binder, is evenly coated on
a metal foil, such as a copper foil, acting as a negative
electrode current collector 7, and is dried in situ to form
a layer of the negative electrode active material 8 to
complete a negative electrode sheet. As the binder for
the negative electrode mixture, any suitable known
binder may be used. Moreover, any suitable known ad-
ditive may be added to the negative electrode mixture.
The negative electrode sheet then is sliced to a preset
shape and a negative electrode lead 5 of e.g., aluminum
is welded to a portion of the negative electrode current
collector 7 not carrying the layer of the negative elec-
trode active material 8 to complete the negative elec-
trode 12.

[0044] Next, the first solid electrolyte layer 13a is
formed on the layer of the positive electrode active ma-
terial 11, as shown in Fig.4. If a gel electrolyte is used
as the solid electrolyte layer 13, an electrolyte salt is dis-
solved in the non-aqueous solvent to prepare a plasti-
cizer. Into this plasticizer is mixed a diene compound. It
is preferred to have not less than 75% of the total content
of the diene compound mixed at this time. A matrix pol-
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ymer then is added to the plasticizer containing the di-
ene compound. The resulting mass is stirred sufficiently
to dissolve the matrix polymer to prepare a sol-like elec-
trolyte solution. A pre-set amount of this electrolyte so-
lution then is coated on the layer of the positive electrode
active material 11. The resulting mass then is allowed
to cool at room temperature to permit the matrix polymer
to be gelated to form the first solid electrolyte layer 13a
formed of the gel electrolyte on the layer of the positive
electrode active material 11.

[0045] The aforementioned electrolyte solution is
preferably coated so that the thickness of the first solid
electrolyte layer 13a will be not larger than 10 um. By
preparing the electrolyte solution containing not less
than 75% of the total content of the diene compound,
and by coating this electrolyte solution so that the thick-
ness of the first solid electrolyte layer 13a will be not
thicker than 10 um, an optimum amount of the diene
compound may be placed in the vicinity of the positive
electrode 12.

[0046] The second solid electrolyte layer 13b then is
formed on the layer of the negative electrode active ma-
terial 8, as shown in Fig.5. First, an electrolyte salt is
dissolved in a non-aqueous solvent to prepare a plasti-
cizer. Into this plasticizer is added the remaining portion
of the diene compound added in forming the first solid
electrolyte layer 13a. A matrix polymer then is added to
the plasticizer now containing the diene compound and
stirred thoroughly to prepare a sol-like electrolyte solu-
tion, which solution is then coated in a pre-set amount
on the layer of the negative electrode active material 8 .
The resulting mass then is allowed to cool at room tem-
perature to gelate the matrix polymer to form the second
solid electrolyte layer 13b of the gel electrolyte on the
layer of the negative electrode active material 8 .
[0047] The positive electrode 12 and the negative
electrode 9, thus prepared, are bonded together so that
the first solid electrolyte layer 13a and the second solid
electrolyte layer 13b face each other. The resulting
mass is then pressed together to an element cell 2.
[0048] Finally, this element cell 2 is sandwiched by the
exterior film 3 and resin films 6 are placed at the over-
lapping portions of the positive and negative electrode
leads 4, 5 and the exterior film 3. The outer edges of the
exterior film 3 are sealed and the positive and negative
electrode leads 4, 5 are held by the sealing portions of
the positive and negative electrode leads 4, 5 and the
exterior film 3, while the element cell 2 is hermetically
sealed within the exterior film 3. The element cell 2, thus
packed by the exterior film 3, is then heat-treated to
complete the solid electrolyte cell 1,

[0049] The secell 1, as described above, contains the
diene compound having the function of capturing the ac-
tive oxygen generated in the cell. Thus, it is possible to
prevent oxidative decomposition of the electrolyte com-
ponent to maintain superior cell characteristics.

[0050] In the above-described embodiment, the ele-
ment cell comprising the positive electrode 12 and the
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negative electrode 9 layered together is hermetically
sealed in the exterior film. The present invention, how-
ever, is not limited to this illustrative structure. For ex-
ample, the present invention can be applied to a config-
uration in which strip-shaped positive and negative elec-
trodes 12, 9 are layered together with the solid electro-
lyte layer 13 in-between and the resulting product is
wrapped in a coil to form the element cell 2, as shown
for example in Fig.6. The present invention may also be
applied to a configuration in which strip-shaped positive
and negative electrodes 12, 9 are layered together with
the solid electrolyte layer 13 in-between and collapsed
alternately to form the element cell 2, as shown for ex-
ample in Fig.7.

[0051] Meanwhile, if an electrolyte having only low
properties asa diaphragm is used as the solid electrolyte
layer, a separator may be provided between the positive
and negative electrodes to prevent physical contact of
the electrodes. The separator used may be of a porous
polyolefin or a non-woven cloth.

[0052] The solid electrolyte cells of the above-de-
scribed embodiment may be of a cylindrical, square or
coin shape, without limitation to specific shape, while it
may also be of a thin type or a large size. Moreover, the
present invention can be applied both to a primary cell
and a secondary cell.

Examples

[0053] The present invention will now be explained
with reference to specified Examples, based on exper-
imental results.

<Sample 1>

[0054]
lows:
90 parts by weight of pulverized graphite and 10
parts by weight of poly(vinylidene fluoride-co-hexafluor-
opropylene) were mixed together to prepare a negative
electrode mixture, which then was dispersed and slur-
ried in N-methyl-2-pyrolidone. The slurried negative
electrode mixture, thus obtained, is evenly coated on a
copper foil, 10 um in thickness, as a negative electrode
current collector. The resulting product was dried and
compression-molded in a roll press to form a negative
electrode.
[0055] A positive electrode then was prepared.
[0056] Forproducingthe positive electrode active ma-
terial (LiCoO,), lithium carbonate and cobalt carbonate
were mixed together at a ratio of 0.5 mol to 1 mol and
fired in air at 900°C for five hours. 91 parts by weight of
LiCoO,, thus obtained, 6 parts by weight of graphite, as
an electrifying agent, and 10 parts by weight of poly(vi-
nylidene fluoride-co-hexafluoropropylene) were mixed
together to form a positive electrode mixture, which then
was dispersed in N-methyl-2-pyrolidone to form a slurry.
The slurried positive electrode mixture, thus obtained,

First, a negative electrode was prepared as fol-
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was evenly coated on a strip-shaped aluminum foil, 20
um in thickness, as a positive electrode mixture. The
resulting mass was dried and compression-molded in a
roll press to form a positive electrode. The density of the
active material per unit area of the positive electrode
was 40 mg/cm?2.

[0057] A gel electrolyte then was produced.

[0058] A solution obtained on mixing and dissolving
30 parts by weight of a plasticizer, composed of 31 parts
by weight of ethylene carbonate, 41 parts by weight of
propylene carbonate, 10 parts by weight of a-butyrolac-
tone, 15 parts by weight of LiPFg and 3 parts by weight
of 1,4-cyclohexadiene, 10 parts by weight of poly(vinyli-
dene fluoride-co-hexafluoropropylene) and 60 parts by
weight of diethyl carbonate, was evenly coated on and
impregnated in the negative and positive electrodes,
and allowed to stand at room temperature for eight
hours to produce a gel electrolyte after vaporizing off
diethyl carbonate.

[0059] The negative and positive electrodes, coated
with the gel electrolyte, were pressed together with the
gel electrolyte sides facing each other to form an ele-
ment cell in the form of a flat plate 0.4 cm in thickness.
The so-obtained element cell was packed in vacuo with
a laminated film of a three-layered structure of polypro-
pylene, aluminum and nylon to prepare a cell.

[0060] Meanwhile, the amount of 1, 4-cyclohexadiene
in the gel electrolyte per 1g of the positive electrode ac-
tive material in the so-produced cell was 36 mg (0.00045
mol).

<Sample 2>

[0061] A cell was prepared in the same way as the
sample 1 except setting the composition of the plasticiz-
er used in preparing the gel electrolyte to 32 parts by
weight of ethylene carbonate, 42 parts by weight of pro-
pylene carbonate, 10 parts by weight of a-butyrolactone,
15 parts by weight of LiPF6 and 1 part by weight of 1,
4-cyclohexadiene.

[0062] Meanwhile, the amount of 1, 4-cyclohexadiene
in the gel electrolyte per 1 g of the positive electrode
active material in the so-produced cell was 12 mg
(0.00015 mol).

<Sample 3>

[0063] A cell was prepared in the same way as the
sample 1 except using 3 parts by weight of 1, 5-cy-
clohexadiene instead of 3 parts by weight of 1, 4-cy-
clohexadiene in the composition of the plasticizer used
in preparing the gel electrolyte.

[0064] The amount of 1, 5-cyclooctadiene in the gel
electrolyte per 1g of the positive electrode active mate-
rial in the cell produced was 36 mg (0.00033 mol).
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<Sample 4>

[0065] First, negative and positive electrodes were
prepared in the same way as in the sample 1.

[0066] A solution obtained on mixing and dissolving
30 parts by weight of a plasticizer, composed of 32.2
parts by weight of ethylene carbonate, 42.2 parts by
weight of propylene carbonate, 10 parts by weight of a-
butyrolactone, 15 parts by weight of LiPFg and 0.6 part
by weight of 1, 4-cyclohexadiene, 10 parts by weight of
poly(vinylidene fluoride-co-hexafluoropropylene) and
60 parts by weight of diethyl carbonate, was evenly coat-
ed on and impregnated in the positive electrode, and
allowed to stand at room temperature for eight hours to
produce a gel electrolyte after vaporizing off diethyl car-
bonate.

[0067] A solution obtained on mixing and dissolving
30 parts by weight of a plasticizer, composed of 31.3
parts by weight of ethylene carbonate, 41.3 parts by
weight of propylene carbonate, 10 parts by weight of a-
butyrolactone, 15 parts by weight of LiPFg and 2.4 part
by weight of 1, 4-cyclohexadiene, 10 parts by weight of
poly(vinylidene fluoride-co-hexafluoropropylene) and
60 parts by weight of diethyl carbonate, was evenly coat-
ed on and impregnated in the positive electrode, and
allowed to stand at room temperature for eight hours to
produce a gel electrolyte after vaporizing off diethyl car-
bonate.

[0068] The negative and positive electrodes, coated
with the gel electrolyte, were pressed together with the
gel electrolyte sides facing each other to form a cell as
the sample 1.

[0069] The amount of 1, 4-cyclohexadiene in the gel
electrolyte per 1g of the positive electrode active mate-
rial in the cell produced was 36 mg (0.00045 mol). In the
gel electrolyte formed on the side positive electrode was
contained approximately 80% of the total amount added
of the 1, 4-cyclohexadiene.

<Sample 5>

[0070] A cell was prepared in the same way as the
sample 1 except setting the composition of the plasticiz-
er used in preparing the gel electrolyte to 42.5 parts by
weight of ethylene carbonate, 42.5 parts by weight of
propylene carbonate and 15 parts by weight of LiPFg,
with 1, 4-cyclohexadiene not being used.

<Sample 6>

[0071] A cell was prepared in the same way as the
sample 1 except setting the composition of the plasticiz-
er used in preparing the gel electrolyte to 27 parts by
weight of ethylene carbonate, 36 parts by weight of pro-
pylene carbonate, 9 parts by weight of &-butyrolactone,
15 parts by weight of LiPF6 and to 13 parts by weight of
1, 4-cyclohexadiene.

[0072] The amount of 1, 4-cyclohexadiene in the gel
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electrolyte per 1g of the positive electrode active mate-
rial in the cell produced was 150 mg (0.00188 mol).

<Sample 7>

[0073] Acellwas prepared inthe same way as sample
4 except forming the gel electrolyte on the positive elec-
trode instead of on the negative electrode as in the sam-
ple 4, and also except forming the gel electrolyte on the
negative electrode instead of on the positive electrode
as in the sample 4.

[0074] Meanwhile, approximately 20% of the total
content of the 1, 4-cyclohexadiene added was con-
tained in the gel electrolyte formed on the positive elec-
trode.

[0075] The cell prepared as described above was
charged at 100 mA constant current/4.2V constant volt-
age, by way of initial charging, and the initial discharging
capacity thereof was measured at 100 mA and 3V. The
cell then was subjected to 500 cycles of 250 mA con-
stant current charging/discharging, by way of a charg-
ing/discharging test, and the measurement was con-
ducted of the volume upkeep ratio after 300 cycles and
500 cycles. The state of gas evolution during the charg-
ing/discharging cycle test was evaluated by visual
check. As for the state of the gas evolution, gas evolu-
tion was judged not to have occurred if no gas was
evolved, while gas evolution was judged to have oc-
curred if gas was evolved and the laminate film was ex-
panded to impair the cell appearance. The results are
shown in Table 1.
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[0076] As may be seen from the results of Table 1, the
samples 1 to 4, containing the diene compound, were
of superior volume upkeep ratio, both after 300 cycles
and after 500 cycles, as compared to the sample 5 not
containing the diene compound.

[0077] The samples 1 and 2, superior in the volume
upkeep ratio, was free from gas evolution accompany-
ing the charging/discharging cycles. On the other hand,
with the sample 6 containing 0.00188 mol of 1, 4-cy-
clohexadiene to 1g of the positive electrode active ma-
terial, was satisfactory in the volume upkeep ratio. How-
ever, gas evolution was noticed with the progress of the
charging/discharging cycles, thus affecting the cell ap-
pearance. From this, it could be seen that the content
of the diene compound per 1 g of the positive electrode
active material is preferably in a range from 0.0001 mol
to 0.0005 mol.

[0078] From the comparison of the samples 1 and 3,
it has also been seen that use of 1, 4-cyclohexadiene,
among the diene compounds, is particularly effective in
improving the charging/discharging cycles.

[0079] It has also been seen that the sample 4, in
which 80% of the total content of 1, 4-cyclohexadiene is
contained in the positive electrode side gel electrolyte,
shows particularly high charging/discharging character-
istics as compared to the sample 7 in which the relative
amounts of 1, 4-cyclohexadiene in the positive electrode
side and in the negative electrode side are reversed
from those of the sample 4.

Claims
1. A solid electrolyte cell comprising:

a positive electrode having a positive electrode
current collector and a positive electrode active
material;

a negative electrode having a negative elec-
trode current collector and a negative electrode
active material; and

a solid electrolyte comprised of an electrolyte
salt dispersed in a matrix polymer, said solid
electrolyte being arranged between said posi-
tive electrode and the negative electrode;
wherein

a diene compound is contained in at least one
of the positive electrode, negative electrode
and the solid electrolyte.

2. The solid electrolyte cell according to claim 1
wherein said diene compound is 1, 4-cyclohexadi-
ene.

3. The solid electrolyte cell according to claim 1

wherein said diene compound is contained in said
solid electrolyte.
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The solid electrolyte cell according to claim 3
wherein said diene compound is contained in an
amount of 0.0001 mol to 0.0005 mol to 1g of said
positive electrode active material.

The solid electrolyte cell according to claim 4
wherein said solid electrolyte is made up of at least
two layers, namely a first solid electrolyte layer
formed on the side positive electrode and a second
solid electrolyte layer formed on the side negative
electrode; and

wherein the amount of said diene compound
contained in said first solid electrolyte layer being
not less than 75% of the total content thereof.

The solid electrolyte cell according to claim 1
wherein said solid electrolyte contains a non-aque-
ous solvent and is in a gelated state.

The solid electrolyte cell according to claim 1
wherein said matrix polymer is selected from the
group consisting of polyethylene oxide, polypropyl-
ene oxide, polytetrafluoroethylene, polyvinylidene
fluoride, polyvinylidene chloride, polymethacrylic
acid, polyacrylic amide, polycarbonate, polysulfone
and polyethersulfone.

The solid electrolyte cell according to claim 1
wherein said electrolyte salt is selected from the
group consisting of LiPFg, LiCIO4, LiCF3;SOs,
LiCF3SO5,  LiAsFg,  LiBF,,  LIN(CF3SOg),,
C4F¢SOsLi, LiIC(CF3S0,)s, LiF, and LiBr.

The solid electrolyte cell according to claim 6
wherein said non-aqueous solvent is selected from
the group consisting of ethylene carbonate, propyl-
ene carbonate, é-butyrolactone, acetonitrile, dieth-
ylether, diethylene carbonate, dimethyl carbonate,
1, 2-dimethoxyethane, dimethyl sulfoxide, 1, 3-di-
oxolan, methyl sulfonate, 2-methyltetrahydrofuran,
tetrahydrofuran, sulforan, 2, 4-difluoroanisole and
vinylene carbonate.

The solid electrolyte cell according to claim 1
wherein said positive and negative electrodes are
layered and coiled together with interposition of said
electrolyte.

The solid electrolyte cell according to claim 1
wherein said positive and negative electrodes are
layered and stacked together with interposition of
said electrolyte.

The solid electrolyte cell according to claim 1
wherein a separator is arranged between said pos-
itive and negative electrodes.
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